Abstract. Fibroblast growth factor 2 (FGF2) has been revealed to promote human periodontal ligament stem cell (PDLSC) proliferation. The abnormal proliferation of PDLSCs has also been associated with the pathogenesis of periodontitis. The long non-coding RNA, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), has been demonstrated to regulate FGF2 secretion. Therefore, MALAT1 may also be associated with periodontitis. The aim of the present study was to investigate the effect of MALAT1 overexpression on the proliferation of PDLSCs. In the current study, PDLSCs derived from healthy and periodontitis-affected teeth were collected. MALAT1 and FGF2 mRNA expression in PDLSCs was detected using reverse transcription-quantitative PCR. PDLSCs overexpressing MALAT1 were subsequently generated. PDLSC proliferation was analyzed using a Cell Counting kit-8 assay. FGF2 protein expression was detected using western blot analysis. The results revealed that MALAT1 and FGF2 mRNA were significantly upregulated in PDLSCs derived from periodontitis-affected teeth when compared with PDLSCs derived from healthy teeth. PDLSCs derived from periodontitis-affected teeth also demonstrated a significantly higher proliferation rate than PDLSCs derived from healthy teeth. MALAT1 and FGF2 mRNA expression were positively correlated in both PDLSC groups. MALAT1 overexpression promoted the proliferation of healthy and periodontitis-affected PDLSC groups and upregulated FGF2 protein expression. The present study concluded that MALAT1 overexpression promoted the proliferation of human PDLSC potentially via upregulating FGF2.
Introduction
Periodontitis is a chronic inflammatory disease that affects the integrity of the periodontium, which is composed of the periodontal ligament (PDL), gingiva and alveolar bone (1) . Periodontitis leads to tooth loss and may also induce systemic disorders, including adverse pregnancy outcomes, atherosclerosis, rheumatoid arthritis, aspiration pneumonia or cancer (2) (3) (4) . Periodontitis affects approximately 45-75% of adults worldwide (1) (2) (3) (4) . In developing countries, such as China, poor overall oral health has led to periodontitis becoming a commonly diagnosed disorder in stomatology departments (5) . Periodontitis is generally treated using systemic antibiotics; however long-term use is common and more severe disorders, such as the development of resistance, are inevitable (6) . Therefore, the identification of a novel therapeutic target for the treatment of periodontitis is required.
The abnormal increased proliferation of periodontal ligament stem cells (PDLSCs) has been demonstrated to be associated with the pathogenesis of periodontitis (7, 8) . It has been reported that fibroblast growth factor 2 (FGF2) promotes the proliferation and differentiation of human PDLSCs (8) . This suggests that FGF2 may be involved in the pathogenesis of periodontitis. In addition, FGF2 protein expression and secretion has been revealed to be positively regulated by long non-coding RNA (lncRNA) metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) (9) , which is a well-characterized lncRNA in cancer biology (10, 11) . In the current study, the involvement of MALAT1 and FGF2 in periodontitis was assessed and the results demonstrated that MALAT1 promoted the expression of FGF2 and the proliferation of PDLSCs, which serve a role in periodontitis.
Materials and methods
Patients. All patients included in the current study were diagnosed and treated at The Stomatological Hospital of Southern Medical University (Guangzhou, China) from January 2017 to January 2018. All patients were treated with antibiotics in combination with pocket reduction surgery. The diagnostic criteria for periodontitis and the exclusion and inclusion criteria for the present study were essentially the same as described by Zheng et al (7) . The only difference between the studies is that fish patients in the study by Zheng et al did not consume a diet rich in fish. Disease-free third molars and premolars were collected during orthodontic treatment from 12 patients (8 male; 4 female), and diseased teeth were collected during tooth extraction from 12 patients (7 males; 5 females) with generalized chronic periodontitis. All patients included in the current study were 30-40 years of age. The present study was approved by the Ethics Committee of The Stomatological Hospital of Southern Medical University. All participants were informed of the experimental protocol and signed informed consent.
Cell culture and transfection. PDL tissues were obtained from the central root of healthy and periodontitis-affected teeth. PDL tissues were cut into pieces (1 mm 3 ) and cultured in a six-well plate filled with α-MEM (Sigma-Aldrich; Merck KGaA) containing 100 µM/l ascorbic acid, 0.292 mg/ml glutamine, 10% FBS (Sigma-Aldrich; Merck KGaA) and 100 U/ml penicillin/streptomycin. Cells were subsequently cultured in an incubator at 37˚C and 5% CO 2 .
To overexpress MALAT1, full-length MALAT1 cDNA was digested using NheI restriction enzymes and amplified using PCR and inserted into a NheI-linearized pEGFPC3 vector (Clontech Laboratories, Inc.) to generate a MALAT1 expression vector. Primer sequences were as follows: Forward, 5'-CGC AGC CTG CAG CCC GAG AC-3' and reverse, 5'-CCC AAT CAA GAT TTT TTT ATTC-3'. PCRs were carried out using Pfu DNA Polymerase kit (Promega Corporation) with the following thermocycling conditions: 95˚C for 5 min, followed by 35 cycles of 95˚C for 10 sec, 55˚C for 10 sec and 72˚C for 90 sec. To silence MALAT1 expression, MALAT1 small interfering RNA (siRNA, 5'-CCA CUU ACU GCU UUA AGU UGG-3') or negative control siRNA (5'-UUC UCC GAA CGU GUC ACG UdT dT-3') were designed and synthesized by Sangon Biotech Co., Ltd. A total of 10 nM vectors or 50 nM siRNAs were transfected into 4x10 5 cells using Lipofectamine 2000 ® reagent (cat. no. 11668-019; Invitrogen; Thermo Fisher Scientific, Inc.). Control cells were untransfected and negative control cells were transfected with empty vectors or negative control siRNA. Subsequent experiments were performed at 24 h after transfection.
RNA isolation and reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was extracted from PDLSCs using TRIzol reagent (Thermo Fisher Scientific, Inc.). cDNA was synthesized using a SuperScript III Reverse Transcriptase kit (Thermo Fisher Scientific, Inc.) according to the following thermocycling conditions: 25˚C for 5 min, 51˚C for 20 min and 75˚C for 15 min. SYBR ® Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, Inc.) was used to prepare all PCR reactions. Reaction conditions were as follows: 95˚C for 50 sec, followed by 40 cycles of 95˚C for 15 sec and 58˚C for 20 sec. The following primers were used: MALAT1 forward, 5'-CAG TGG GGA ACT CTG ACT CG-3', and reverse, 5'-GTG CCT GGT GCT CTC TTA CC-3'; FGF2 forward, 5'-GCA CUG AAA CGA ACU GGG CAG UAU-3', and reverse, 5'-UAU ACU GCC CAG UUC GUU UCA GUGC-3'; β-actin forward, 5'-GAC CTC TAT GCC AAC ACA GT-3' , and reverse, 5'-AGT ACT TGC GCT CAG GAG GA-3'. This experiment was performed in triplicate and MALAT1 expression was normalized to the β-actin endogenous control using the 2 -∆∆Cq method (12) .
Cell proliferation assay. Following confirmation of MALAT1 overexpression in PDLSCs compared with the controls, PDLSCs were subsequently collected and single cell suspensions were prepared with a final cell density of 3x10 4 cells/ml. Each well of a 96-well plate was filled with 3x10 3 cells in 0.1 ml cell suspension. Cells were cultured in an incubator at 37˚C and 5% CO 2 for 24, 48, 72 and 96 h, before 10 µl Cell Counting kit-8 (CCK-8) solution was added at the end of each time point. Cells were cultured at 37˚C for an additional 4 h and a Fisherbrand™ accuSkan™ GO UV/Vis Microplate Spectrophotometer (Thermo Fisher Scientific, Inc.) was used to measure optical density (OD) values at 450 nm. Cell proliferation was normalized to the sample with the highest OD value at 96 h, which was set to 100%.
Western blot analysis. Subsequent to transfection and RT-qPCR analysis, PDLSCs were collected and mixed with RIPA buffer (Thermo Fisher Scientific, Inc.) to extract total protein, and protein concentrations were measured using a BCA kit (Thermo Fisher Scientific, Inc.). Protein samples (30 µg/lane) were denatured and separated by 10% SDS-PAGE. Following gel transfer, PVDF membranes were then blocked with 5% skimmed milk at room temperature for 2 h. Samples were then incubated with rabbit anti-human primary antibodies against FGF2 (1:1,300; cat. no. ab8880; Abcam) and GAPDH (1:1,300; cat. no. ab8245; Abcam) at 4˚C overnight. Following that, membranes were further incubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibodies (1:1,300; cat. no. ab6721; Abcam) at 24˚C for 2 h. Signal development was performed using ECL™ Detection Reagents GE Healthcare (Sigma-Aldrich; Merck KGaA). Signals were detected using a MYECL™ Imager (Thermo Fisher Scientific, Inc.). ImageJ software (version 1.34; National Institutes of Health) was used to normalize FGF2 expression to the GAPDH endogenous control.
Statistical analysis. GraphPad Prism 6 software (GraphPad Software, Inc.) was used for statistical analysis. Data are expressed as the mean ± standard deviation. A Student's t-test was used to perform statistical comparisons between two groups, and one-way ANOVA followed by a Fisher's least significant difference test was used to perform comparisons among multiple groups. Pearson's correlation coefficient was used for correlational analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

MALAT1
and FGF2 mRNA are upregulated in PDLSCs derived from periodontitis-affected teeth. MALAT1 and FGF2 mRNA expression in PDLSCs derived from periodontitis-affected and healthy teeth was detected using RT-qPCR analysis. As presented in Fig. 1 , the expression of MALAT1 (Fig. 1A) and FGF2 mRNA (Fig. 1B) was significantly upregulated in PDLSCs derived from periodontitis-affected teeth when compared with PDLSCs derived from healthy teeth.
MALAT1 and FGF2 mRNA expression are positively correlated in PDLSCs derived from healthy and periodontitis-affected patients. Pearson's correlation coefficient analysis of MALAT1 and FGF2 mRNA expression in PDLSCs derived from periodontitis-affected and healthy teeth was performed. As presented in Fig. 2 , a significant positive correlation between the expression of MALAT1 and FGF2 mRNA in PDLSCs derived from periodontitis-affected teeth ( Fig. 2A ) and healthy teeth (Fig. 2B ) was observed.
PDLSCs derived from periodontitis-affected teeth reveal a higher cell proliferation rate than PDLSCs derived from healthy teeth.
A CCK-8 kit was used to detect the proliferation of PDLSCs derived from periodontitis-affected teeth and PDLSCs derived from healthy teeth. As presented in Fig. 3 , the proliferation rates of the 12 PDLSCs samples derived from periodontitis-affected teeth were significantly higher than those of the 12 cases of PDLSCs derived from healthy teeth.
MALAT1 promotes the proliferation of PDLSCs derived from periodontitis-affected and healthy teeth.
To investigate the involvement of MALAT1 in the proliferation of PDLSCs, a MALAT1 expression vector was transfected into each of the 12 PDLSC samples derived from periodontitis-affected teeth and the PDLSCs derived from 12 healthy teeth samples. The results shown in Fig. 4 are representative data. Cell proliferation was detected using a CCK-8 assay. As presented in Fig. 4 , MALAT1 overexpression significantly promoted the proliferation of PDLSCs derived from periodontitis-affected teeth (P<0.05; Fig. 4A ) and healthy teeth (P<0.05; Fig. 4B ).
By contrast, MALAT1 knockdown significantly inhibited the proliferation of PDLSCs derived from periodontitis-affected teeth (P<0.05; Fig. 4C ) and healthy teeth (P<0.05; Fig. 4D ). Transfections were confirmed by qPCR and data were presented on the right part of each section. The data revealed that the expression level of MALAT1 was significantly upregulated after the transfection of expression vectors and was significantly downregulated after the transfection of siRNAs (P<0.05; Fig. 4 ).
MALAT1 upregulates FGF2 protein expression in PDLSCs derived from healthy individuals and patients with periodontitis.
To further investigate the interaction between MALAT1 and FGF2 in PDLSCs, a MALAT1 expression vector was transfected into each of the 12 PDLSCs samples derived from periodontitis-affected teeth and the PDLSCs derived from 12 healthy teeth samples. The results shown in Fig. 5 are representative data. FGF2 expression was detected using western blot analysis. As presented in Fig. 5, MALAT1 overexpression significantly upregulated FGF2 expression in PDLSCs derived from periodontitis-affected teeth (P<0.05; Fig. 5A ) and healthy teeth (P<0.05; Fig. 5B ) when compared with the control and negative control group. By contrast, MALAT1 knockdown significantly downregulated FGF2 expression in PDLSCs derived from periodontitis-affected teeth (P<0.05; Fig. 5C ) and healthy teeth (P<0.05; Fig. 5D ) when compared with their respective control and negative control groups.
Discussion
The present study demonstrated that lncRNAs serve pivotal roles in cancer biology and lncRNA MALAT1 was revealed to be associated with the pathogenesis of periodontitis. The results also revealed that lncRNA MALAT1 may promote the development of periodontitis by upregulating the expression of FGF2 and promoting the proliferation of PDLSCs.
The onset and development of periodontitis is accompanied by changes in the expression of a large variety of lncRNAs, indicating their association with the pathogenesis of this disease (13) . However, studies assessing the expression and functionality of specific lncRNAs in periodontitis are required. In a recent study, Wang et al (14) demonstrated that lncRNA-POIR functions as a positive regulator of osteogenic differentiation, which is impaired in periodontitis, indicating a protective role of lncRNA-POIR in periodontitis (14) . In an additional study, the ANRIL lncRNA was demonstrated to participate in the pathogenesis of periodontitis via interacting with multiple signaling pathways (15) . MALAT1 is a well-characterized oncogenic lncRNA, which exhibits upregulated expression in a variety of human cancer types (10, 11) . In the present study, MALAT1 expression was revealed to be significantly upregulated in PDLSCs derived from periodontitis-affected teeth, suggesting an involvement of MALAT1 in periodontitis.
FGF2 expression stimulates periodontal regeneration, indicating its potential clinical importance as a therapeutic target in novel periodontitis treatments (16, 17) . The current study observed a significant upregulation of FGF2 mRNA expression in PDLSCs derived from periodontitis-affected teeth when compared with PDLSCs derived from healthy teeth. This result indicates the potential involvement of FGF2 in the pathogenesis of periodontitis. FGF2 interacts with lncRNAs through certain mediators (such as miRNAs) to achieve its biological functions, such as the regulation of vascular endothelial cell apoptosis (18) . In a previous study, the MALAT1 lncRNA was demonstrated to be positively correlated with FGF2 protein expression and secretion in thyroid cancer (9) .
Similarly, MALAT1 and FGF2 mRNA expression was revealed to be positively correlated in PDLSCs derived from both periodontitis-affected and healthy teeth in the present study. In addition, MALAT1 overexpression was associated with upregulation of FGF2 protein in PDLSCs derived from periodontitis-affected and healthy teeth. These results suggest that MALAT1 is a positive regulator of FGF2 in periodontitis, and the regulatory effects of MALAT1 on FGF2 are unlikely to be mediated by periodontitis-specific factors.
PDLSCs possess immunomodulatory properties through the secretion of a variety of cytokines, including interleukin (IL)-6, IL-8 and monocyte chemotactic protein 1 (19) . It has been previously reported that abnormally accelerated PDLSC proliferation is associated with the pathogenesis of periodontitis (8) . In the current study, a significantly higher proliferation rate was observed in all 12 PDLSC samples derived from periodontitis-affected teeth when compared with the 12 PDLSC samples derived from healthy teeth. MALAT1 was also revealed to be a likely activator of PDLSCs based on the observation that MALAT1 overexpression led to the significantly increased proliferation of PDLSCs derived from both periodontitis-affected and healthy teeth. However, the molecular mechanisms underlying this effect is currently unknown and future studies should aim to elucidate this mechanism. In addition, the present study is limited by a small sample size. Therefore, future studies that include a larger sample size are required to validate the results of the current study. In conclusion, MALAT1 and FGF2 are upregulated in periodontitis. In addition, MALAT1 may serve a role in periodontitis by promoting FGF2 expression and the proliferation of PDLSCs.
